The beam transport line from the AGS to CBA is 600 m long and consists of 70 bending magnets and 20 quadrupoles, as well as several special injection components. The beam has to bend 117 horizontally and drop 1.8 m in elevation. To insure that it has momentum acceptance of AP/P = 1% and the transverse emittance dilution is within 30%, a detailed tolerance analysis has been carried out on the requirements of the AGS beam properties, magnetic field quality oL the transport magnets, and misalignment errors.
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Summary
The beam transport line from the AGS to CBA is 600 m long and consists of 70 bending magnets and 20 quadrupoles, as well as several special injection components. The beam has to bend 117 horizontally and drop 1.8 m in elevation. To insure that it has momentum acceptance of AP/P = 1% and the transverse emittance dilution is within 30%, a detailed tolerance analysis has been carried out on the requirements of the AGS beam properties, magnetic field quality oL the transport magnets, and misalignment errors.
Field quality tolerances of AB /B < 1 x 10-3 for bending field, AG/G < 5 x 10-3 for gradient field and AB2/B < 2.5 x 10-4 cmn2 of the sextupole components in the bending magnets are indicated.
The CBA Bean Transport Line CBA is located to the north of the AGS in such a way that the present AGS fast extraction system and part of the existini experimental beam transport tunnel can be used.
For the discussion of the transport line, we find it is very convenient to introduce the coordinate system shown in F'igure 1. With the 6th intersection point (1P6) as origin, the Y-axis is defined to be the line joining CBA and IP6 pointing away from CBA and the X-axis is the line perpendicular to the Y-axis at IP6 pointing to the east. Defined this way, the X-axis is also the bisection line of the crossing angle at IP6 and the Yaxis in the reverse direction is 20 east of the BNL grid north.
The beginning of the transport line is the center of the 80 bend (point A) which is about 100 m from the extraction point H13 of the AGS. In the X-Y coordinate introduced above, it is about 405 m in y and 47 m in x. The beam has to bend 200 total near point B and C to join the Y-axis and continues on until it reaches the switch magnet which will steer the beam either to the right arc (Y-line) properly matched. The whole line is designed to be able to take a beam of transverse emittances e = e = 2 mm-mrad and with momentum acceptance of AP7P = 0.3% from the AGS to switch magnet and ± 1% from the switch magnet on all the way into the CBA. In other words, the big bend has identical acceptance as CBA. Table I where the number given applies to the bending magnet in each region. It can be seen that at all the bending magnets, the horizontal aperture is much larger than the vertical one. The combined function magnet is chosen to accommodate such a beam shape and to eliminate the additional quadrupole for focusing in those regions. Overall, there are 70 bending magnets and 20 quadrupoles needed, as well as several special injection components.
Requirements of the AGS Beam Quality
In the CBA design, the two rings will collide with each other with crossing angle a = 11 mrad. The luminosity expected at each crossing point is beam is within 5 x 10-5. To limit the luminosity change to be less than 20%, a bunch-to-bunch longitudinal damping system will be needed to correct the energy errors of the injected beam within CBA.
The question of how to realize the requirements in Eq. (4) at point Q60 will be addressed in a detailed report. From now on we will concentrate on the tolerances of the beam transport line in terms of its own criteria stated therein.
Bending Field Errors
Since the big bend region has to accept a momentum spread of ± 1%, the field quality requirements on the magnets are most stringent in this region; therefore, we will use this part of the line as an example to discuss the effects of field errors on the beam qualities. The same principles and considerations have also been applied to other parts of the transport line to arrive at the required tolerances.
First we will consider the effects of the random bending field errors on the particle trajectory.
Im principle, the trajectory error in a transport line can be corrected by moving the magnets whenever it is necessary. But in practice the trajectory error will be limited by the decision on how many magets to move and how often to move them. For our design, we impose the condition that the maximum allowed horizontal trajectory error is Ax -± 10 mm and that for the vertical trajectory is Ay = ± 5 mm.
Then the requirement on the bending field error and its correction system is designed to be compatible with the allowed errors.
Assuming that a set of position monitors and steering dipoles will be provided every betatron wavelength apart and that all the field errors are random in origin, then the accumulated position error in one wavelength (16 magnets for big bend lattice) for the bending field error. Similar accuracy is required for the trajectories of off-momentum particles; therefore, the above field uniformity should be satisfied everywhere inside the ± 4 cm region of the horizontal aperture. The same argument can be applied to the vertical plane to obtain Ae < 0.04 mrad.
Gradient Field Errors
The relationship of betatron function and dispersion function to a systematic gradient change in the lattice can be found by running the lattice design program at different gradients. The results show that a systematic change of the gradient up to AG/G < 10-2 only introduces a few percent change in betatron function and dispersion function. For design criterion, we demand that AG/G )sys < 5 x 10-3.
On the other hand, a random gradient error from magnet to magnet can cause orbit error for the of fmomentum particles. From Table I , the gradient of the big bend magnet is G = 0.37 kG/cm. Assuming that the random gadient error is AG/G = 5 x 10-3, then it gives rise to a bending field error at ± 4 cm of ABO/B = 0.6 x 10-3 which is well within our requirements for orbit error. Therefore, for the requirements on the gradient errors, be it systematic or random, we demand that AG/G < 5 x 10-3 (8)
Sextupole Component in Bending Magnets
We employ the ray tracking program TURTLE3 to check the phase space dilution and distortion introduced by the sextupole component in the gradient magnet. Three modifications are made on the TURTLE ray generation routine to serve our needs: 1) the initial coordinates of the particle produced by the random number generator at the center of quarupole satisfying the following condition, Instead of the conventional equal or "<" sign in Equation (8), the "=" sign is chosen to populate only the boundary of the phase ellipse to highlight the non-linear effect on large amplitude, 2) the correlation is between x and x' instead of x and y and 3) in addition to central momentum, particles with ± 1% momentum deviation are also generated to show the chromatic effect in one graph. To see the chromatic effects, the phase spase distribution at the end of the transfer line, Q60, is displayed for comparison. Figure 2 is the result for a run with hypothetical sextupole strength of AB2/B = 5 x 10-cm-2. .400 To)
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. The magnetic field measurement4 on a prototype gradient magnet shows that the bending and gradient field errors are a factor of two lower than the tolerance set here and that of the sextupole field is a factor of ten lower.
Effect of Magnet Misalignment
The misalignment of either a gradient magnet or quadrupole magnet can cause position error. We already established that the allowed field error is AB/B = 10-3 which sets the limit of misalignment 
